To date it is not clear what the role of dairy products is in metabolic diseases like diabetes, obesity, and hypertension. Therefore, the aim of this study is to test the association between dairy product consumption and those pathologies. A cross-sectional study was conducted with 5081 adults included in the di@bet.es study, from 100 health centers around Spain. Food frequency questionnaires were carried out concerning consumption habits, which included dairy product consumption. Logistic regression models were used for the association analyses between the variables controlling confounding variables. Women had a higher consumption of milk, cheese, or yogurt than men (p < 0.0001), but men consumed more sugar dairy products (p < 0.001). People who live in the North of Spain consume more dairy products than those who live in the East. Dairy product 
Introduction
Milk products contain proteins that favor the digestion in addition to being proteins of high biological value. They also contain elements which might make their consumption have some favorable effect on certain chronic diseases (fat carbohydrates, vitamins and minerals, calcium, and phosphorus) [1] . However, studies concerning dairy product intake and the risk of type 2 diabetes (T2DM) and hypertension, among other diseases with high cardiovascular risk, have yielded inconsistent results [2] .
In Spain, according to current studies, the prevalence in adults of type 2 diabetes is 12.5%, hypertension 39.9%, and obesity 26.6% [3] . Although the majority of the scientific evidence supports the fact that the intake of milk and dairy products may protect against the most prevalent chronic diseases [4, 5] , there are few nationwide studies that have investigated the relationship between dairy product intake and the prevalence of diabetes, although in general, it seems there is an inverse relationship between both [6] .
Nestel et al. [7] demonstrated, in an interesting experiment, that fermented milk, but not skimmed milk, had a clear beneficial effect on a profile of inflammation biomarkers when compared with other types of milk. In addition, the consumption of yogurt and other dairy products was associated with a lower risk of obesity in observational studies; an aspect which has been partially confirmed by clinical trials [8] .
Dairy products containing milk fat are a major food source of saturated fat. A high intake of some kinds of saturated fat has been linked to an increased risk of cardiovascular disease [9] . A recent prospective cohort study has concluded that dairy consumption is associated with lower risk of mortality and major cardiovascular disease events in a diverse multinational cohort [5] . Most of the prospective studies show that the replacement of dairy saturated fat with unsaturated fat or whole grains lowers cholesterol and LDL cholesterol [10] ; while the majority of clinical trials showed no effects on the plasma lipid profile after low fat dairy product consumption [11, 12] . However, several clinical studies have suggested a beneficial effect of dairy product consumption on plasma lipid levels, especially with full-fat natural cheese and fermented strain-specific yogurt products [1] .
A meta-analysis of prospective cohort studies suggests that the consumption of dairy products was associated with a reduction in the risk of high blood pressure [13] [14] [15] ; however, other studies reported no differences between blood pressure and the consumption of dairy products [16, 17] .
A recent meta-analysis [18] , which included ten cross-sectional studies, two nested case-control studies, and twenty nine cohort studies, concluded that specific types of dairy food consumption such as milk and yogurt as well as total dairy food consumption were inversely related to the risk of the metabolic syndrome and its components.
To date, it is not clear what the role of dairy products in these pathologies is in the Spanish population as a whole and whether there are adequate studies regarding this issue in this population.
There are very few studies in Spain to assess the relationship between dairy products and metabolic diseases. Most of them are in children, adolescents [19] (511 individuals), or elderly people [20] (3454 individuals analyzed) and focus only on cardiovascular disease or refer to specific towns [21] (790 individuals). All these previous studies have suggested that there might be an effect of dairy consumption on metabolic diseases; therefore, we performed this study in a Spanish nationwide sample with the objective of testing the association between dairy product consumption and diabetes, obesity and hypertension in the Spanish adult population.
Materials and Methods

Population
The di@bet.es study is a national, cross-sectional, population-based survey undertaken between 2009 and 2010 (41.6% men and 58.4% women) with subjects from the entire Spanish population. Briefly, about 100 health centers or their equivalent were selected from all around the country, after which 100 individuals aged ≥18 years were randomly selected from each health center to obtain a random representative sample of the civilian noninstitutionalized Spanish population. A total of 10,227 adults were invited to participate via mail or telephone, of whom 56% (n = 5728) attended for examination. Of these, 9.9% were excluded by protocol (institutionalized, severe disease defined as any disorder that prevented the subject from going to the health center and giving informed consent, pregnant or recent delivery) and additionally 1.53% was excluded because of missing data. The final number of subjects studied was 5081.
The study variables were a clinical and demographic structured survey, physical examination (height, weight, blood pressure, body mass index (BMI), and waist and hip circumference), lifestyle survey, and oral glucose tolerance test (OGTT) (75 g). The study was conducted in accordance with the Declaration of Helsinki, and was approved by the Ethics and Clinical Investigation Committee of Hospital Regional Universitario de Malaga (Ref. SE-037) in addition to other regional ethics and clinical investigation committees all over Spain. Written informed consent was obtained from all the participants.
Variables and Procedures
Participants were invited by mail and/or telephone to attend an examination visit at their health center. Information was collected using an interviewer administered structured questionnaire, followed by a physical examination by a nurse, who prior to the study had undergone a specific training course in order to standardize procedures. The field work was performed by 7 teams each composed of a nurse and a dietician.
The data included are age, sex, and personal history of diabetes and hypertension. Subjects with baseline capillary blood glucose levels lower than 7.8 mmol L −1 (140 mg dL −1 ) and those not currently receiving treatment for diabetes underwent a standard OGTT. Capillary blood glucose was measured at baseline and 2 h after the OGTT with a Glucometer OneTouch ® Ultra ® (Lifescan, Madrid, Spain), and a venous blood sample was taken from each subject (overnight fast and post load). Samples were immediately centrifuged and stored at −18 • C (15 days maximum) until transport to the centralized biobank (Ciberdem and Málaga Regional Hospital Biobank, Andalusian Public Health System Biobank) where they were stored at −80 • C for later analysis.
Serum glucose was measured enzymatically in an Architect C8000 Analyzer (Abbott Laboratories SA, Madrid, Spain). The diagnosis of diabetes was based on the serum glucose levels according to the 1999 World Health Organization (WHO) criteria [22] .
Blood pressure was measured using a blood pressure monitor (Hem-703C, Omron, Barcelona, Spain) following the instructions of the manufacturer. Blood pressure was measured with the subject seated and after 5 min of rest. Two readings were obtained and their mean was used in the analyses. Hypertension was defined as ongoing antihypertensive treatment or systolic blood pressure ≥140 and/or diastolic blood pressure ≥90 mmHg [23] .
Subjects were asked about the usual frequency of consumption of (1) milk, yogurt, or cheese; (2) sugary dairy products (packaged milkshakes, pudding, custard, and ice cream); and (3) butter or cream. The data for the previous 6 months of these three groups of dairy were recorded. The frequencies of consumption of the three groups of dairy were reported on an incremental scale with eleven levels (never or almost never, once per month, 2-3 times per month, once per week, 2-3 times per week, 4-6 times per week, once per day, twice per day, 3 times per day, 4 times per day, and 5 or more times per day). The results were finally recoded in four categories: less than once per day; once per day; twice per day; and 3 or more times per day.
The educational level of all participants was also asked and the information was recorded as a 2 category variable: Mandatory school attendance (younger than 16 years old) or higher education. Weight, height, waist, and hip circumferences were measured in all the participants by standardized methods, and the BMI was calculated as weight/height 2 . A BMI equal to or higher than 30 kg/m 2 was considered obese [24] .
Statistical Study
The hypothesis contrast between proportions was performed using the chi-square test. The strength of associations between one variable (dependent: presence or absence of hypertension, Type 2 Diabetes Mellitus (T2DM), obesity) and other potentially explanatory variables (age, sex, area, dairy product intake, and BMI) was measured by calculating the Odds Ratio OR (95% confidence interval CI), obtained from the coefficients of different logistic regression models. In all cases the level of rejection of a null hypothesis was α < 0.05. Analyses were performed using R statistical software (Department of Statistics, University of Auckland, Auckland, New Zealand).
Results
Women had a significantly higher consumption of milk, cheese, or yogurt than men; however, men consumed more sugar dairy products (shakes, puddings, and ice cream). Women consumed between two or three dairy products per day (35.9 and 36.5%, respectively), while men often consumed two dairy products per day (34.8%). Butter or cream consumption was similar in both (Table 1) .
Most of the participants consumed mainly milk, cheese, or yogurt at least twice a day or more times a day (28-36.4%). Of all of them, people aged between 18 and 30 years consumed sugary dairy products most often, while those over 75 years consumed the least (Table 1) .
Butter or cream consumption decreased with age, establishing higher consumption among people aged 18-30 (by 7.6%), whose butter consumption was three or more times a day. This consumption decreased progressively with age, up to 2% in people over 75 years (Table 1) .
In the dairy product consumption by geographical area (Table 1) , we found that in the east region of Spain only 19.4% of the participants consumed dairy products less than once a day. The consumption of milk, cheese, or yogurt in this region was the lowest compared to their consumption in the rest of the studied areas; however, the consumption of sugary dairy products was higher than in the others (11.8%). The north area was where dairy products were most frequently consumed-46.5% of the participants consumed dairy products three or more times a day-followed by the south region (37.2%). Also, 51.1% of the subjects from the north area never consumed sugary milk products; this was the region where these products were less frequently consumed. Data represent proportions (%). p value for X 2 test to contrast proportions. Sex (Man = M, Women = W), geographical area (North = N, South = S, East = E, West = W, Center = C).
Intake of three or more dairy products (milk, cheese, or yogurt) was inversely associated with the presence of hypertension regardless of age, sex, geographical area, and BMI when all subjects were considered (Table 2) , with a significant p for trend for the dairy consumption (p = 0.02). The association between high dairy intake and the presence of hypertension was close to be statistically significant (p = 0.068) after removing those subjects with known diabetes from the model (Table 2) ; nevertheless, the p for trend for the dairy intake remained significant (p = 0.03). In our study, the consumption of dairy products was also negatively associated with obesity in a logistic regression model adjusted by age, sex, geographical area hypertension, and educational level, even when subjects with known diabetes were removed from the analysis ( Table 3 ). The p trend for dairy consumption was statistically significant in both models (p < 0.001). We did not find any association between dairy product intake and the presence of diabetes adjusting by age, sex, geographic area obesity, hypertension, and educational level as confounding factors (Table 4) . The inclusion or not in the analysis of those subjects with known diabetes did not modify the lack of association (data not shown) and the p trend for dairy products consumption was also not significant in both cases. Regarding the frequency of dairy product consumption by community, we found a consumption gradation from East to West, being the east area where less dairy products were consumed compared to the northwest area.
Discussion
According to our results, in Spain, women have a higher consumption of milk, cheese, or yogurt than men, but men consume more sweetened dairy products. The majority of the Spanish population follows the latest consensus published by the Spanish Society of Community Nutrition SSCN [25] regarding recommendations of daily consumption of milk and dairy products, consuming dairy products twice or more times a day: people from north and east Spain present the highest and lowest dairy product consumption, respectively.
In this study we investigated the suggested association between dairy product consumption and metabolic diseases such as diabetes, obesity, and hypertension in the Spanish adult population. Most of the studies that focus on the relationship of dairy intake and diabetes in Spain [19] [20] [21] suggest an association between them; however, these studies were performed in selected groups of people and they are not nationally representative. Among the studies that analyze the relationship between dairy product intake and glucose metabolism in other populations [26] [27] [28] [29] , a recent meta-analysis of prospective cohort studies has concluded that overall, there is scientific evidence of neutral or beneficial associations with T2DM [2] . However, the subgroup analysis in the Soedamh-Muthu et al. meta-analysis also returned the stronger inverse association for dairy and milk consumption in the Asian population, while European populations show null association [2] . Consistent with the results from the European population of the Soedamh-Muthu meta-analysis, in our study, dairy product consumption was not associated with the presence of T2DM.
Regarding the relationship between dairy intake and obesity, several mechanisms have been proposed by which the consumption of dairy products may influence weight control. Firstly, dairy products reduce lipogenesis and increase lipolysis in adipose tissue. Secondly, high calcium intake can lead to increased fecal fat excretion [30] and has a role in fat oxidation [31] . Fat absorption in the intestine may be inhibited by calcium via binding to saturated fatty acids (SFA) or bile acids. Additionally, the regulation of intracellular calcium levels are also involved in lipogenesis and lipolysis so they can affect fat mass [32, 33] . A recent updated meta-analysis including 37 randomized control trials has suggested a beneficial effect of energy-restricted dairy consumption on body weight and body composition; however, in the absence of calorie restriction, a high dairy consumption might lead to an increase in body weight [34] . Alternatively, results from a systematic review and meta-analysis including cohort studies have also suggested the beneficial effects of some dairy products but not total dairy consumption on body weight; however, these results should be cautiously interpreted due to the high heterogeneous risk estimates [35] . Our results are in line with these, suggesting a possible beneficial effect of dairy consumption on body weight, having found an inverse association between dairy product intake and the presence of obesity.
Numerous studies have reported rather mixed effects of dairy consumption on blood pressure. Results from a comprehensive review based primarily on data from meta-analyses of randomized control trials and from individual randomized control trials conducted in disease-free individuals have suggested that there is no apparent risk of potential harmful effects of dairy consumption, irrespective of the content of dairy fat, on blood pressure among other cardiometabolic risk factors [17] . However, systematic reviews and meta-analyses from prospective observational studies report an inverse association between the consumption of dairy products, particularly low-fat, and the risk of hypertension [13] [14] [15] . In our study, the intake of three or more dairy products per day was inversely associated with hypertension with a statistically significant trend for the dairy serving consumption, and although this association was only close to being significant after removing those subjects with known diabetes from the analysis, the observed trend remained significant. All these results would support the previous cohort studies suggesting a beneficial effect of dairy product consumption on hypertension. These suggested positive effects might be explained by the fact that dairy products, despite their saturated fat content, have other components such as vitamin D, calcium, potassium, and phosphorus, in addition to some bioactive peptides, which might provide some antihypertensive properties such as triggering the synthesis of 1,25-hydroxyvitamin D [33] , stimulating lipolysis, and inhibiting lipogenesis [18, 32] or inhibiting the function of the angiotensin converting enzyme [32, 33] .
The present study includes those limitations inherent to a cross-sectional study, preventing observations regarding the directions of the associations found. The lack of quantitative nutritional data, or the types of dairy products (skimmed/whole), is an important limitation of this study that should be solved in future investigations performing quantitative or semiquantitative nutritional surveys. Also, the definition of dairy product has been constructed as a combination of the frequency of intake of dairy (milk, cheese, or yogurt) and each of these foods could have different health effects. Nevertheless, the strength of our work is that the study included a large representative sample of the Spanish population which allows us to have global vision of the consumption of dairy products in this population and to determine the effect of these products on metabolic diseases.
Conclusions
In our study, a higher consumption of dairy products (≥3 servings per day compared with less than once per day) was inversely associated with the presence of hypertension and obesity but no association was observed with the presence of diabetes. There might be an association among dairy product consumption and other metabolic diseases; however, more studies are needed to ascertain its possible effects. 
